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ABSTRACT 
Factors Affecting Feeding Injury to Grasses by 
Adult Billbugs (Coleoptera: Curculionidae) 
by 
Dale C. Nielson, Master of Science 
Utah State University, 1985 
Major Professor: B. Austin Haws 
Department: Biology-Division of Entomology 
Factors associated with feeding injury to grass plants by two 
vii i 
species of adult billbugs, Sphenophorus gentilis and~· parvulus, were 
evaluated. Early season tests utilized adult bluegrass billbugs while 
later studies involved wildrye billbugs. Types of feeding injury were 
determined and preferred feeding locati ons on host plants were 
identified for each billbug species. Greenhouse and field studies 
compared different species of grasses, individual plants within a 
species, and plants from different locations, for billbug 
susceptibility. The effect of grass plant age and stem size were also 
tested using bluegrass billbugs. 
Using analysis of variance and multiple comparison tests, 
significant differences in amounts of feeding injury were determined 
among entries. Wildrye plants from different geographic locations 
showed large differences in susceptibility to wildrye billbug feeding 
when compared in a greenhouse study. Grass stem size had an effect on 
amounts of feeding injury incurred to 2 out of 3 wheatgrasses by 
bluegrass billbugs. A field study suggested that host plant age was not 
a factor in susceptibility of slender wheatgrass to bluegrass bfllbugs. 
ix 
Implications for screening grasses for resistance to billbugs using 
adult insects are discussed. Comparisons between greenhouse and field 
studies are also examined. 
(57 pages) 
INTRODUCTION 
The genus Sphenophorus (Coleoptera:Curculionidae) comprises the 
group of weevils known as billbugs. Adult insects are usually brown or 
black, and range in length from 5 to 20 mm (Vaurie 1951). These insects 
are usually associated with mature grass stands in habitats of marshes, 
pastures, and turfgrass. 
Billbugs have chewing mouthparts located at the distal end of a 
snout-like projection of the head. When feeding, adult weevils puncture 
and gouge out furrows in the stem tissues. As the injured host plant 
grows, the expanding leaves often become disfigured and riddled with 
holes (Metcalf 1917). Host plants in the grass family (Gramineae) are 
typically injured in this manner. Damage to other plants (e.g., 
cattails, sedges, and rushes) are usually less visible. 
Larval feeding is more damaging to the host plant than adult 
feeding (Lindgren et al. 1981, Kindler et al. 1983, Shearman et 
al. 1983). Billbug larvae cause economic injury to corn (Parrot 1889), 
turfgrasses (Juska 1965), and pasture grasses (Turner 1955). Larvae 
feed primarily below the crown of the host plant, often severing many of 
the roots in the process. When billbug larvae populations are high, 
damage to the root systems may be great enough that tillers are easily 
pulled from the ground. Injured plants show signs of water stress, 
premature senescence, and stunting (Metcalf 1917). Damaged plants are 
susceptible to fungal pathogens (Hanson and Milleron 1942). 
Feeding injury by adult billbugs has not been thoroughly 
investigated. I chose to study the feeding behavior of adult billbugs 
as the main topic of this thesis. Two species of billbugs were tested 
in studies in 1983 and 1984. Albeit a study of 2 species cannot 
possibly characterize the feeding injury of this large genus as a whole, 
it does attempt to identify some basic feeding patterns of billbugs in 
general. I was interested in identifying factors that influence the 
feeding response of adult billbugs to host plants. Differences among 
grass genera , growing environment, and intra-specific plant differences, 
such as plant age and stem diameter, were of interest. Presently, 
methods for screening plants for resistance to billbugs utilize larval 
feeding activity (Ahmad and Funk 1983). Because adult insects are more 
selective in accepting potential host plants than are immature forms, 
the use of adult insects in feeding preference tests could conceivably 
improve procedures for screening host plants. Phytophagous insects are 
oriented towards their host plants by optical and/or olfactory stimuli 
(De Wilde 1976). The acceptance or rejection of a host can be due to 
the presence or absence of contact feeding stimulants or deterrents. 
The stimulus that attracts female insects toward a plant or plant part 
determines the survival of further progeny (Moreau 1976) because in most 
cases the young larvae are incapable of dispersing. Brues (1920) stated 
that larval food plants of lepidopterans are determined by adult 
insects. If female billbugs oviposit in former feeding sites, then the 
larvae are obliged to feed on plants previously selected by the adult 
insect. 
I selected the bluegrass billbug, Sphenophorus parvulus Gyllenhal, 
for study because of its economic importance, wide host plant range, and 
availability of specimens. The bluegrass billbug has the widest known 
host range (Table 1) of any billbug (Satterthwait 1931) and develops in 
Tdble 1 . Known host plants of the bluegrass billbug, Sphenofhorus 
parvulus (Satterthwaite 1931, Ahmad and Funk 1983, Asay eta • 1983) . 
Scienti fie name 
Zea mays 
TrTtTCUm sativum 
Hordeum sativum 
Hordeum Jubatum 
Hordeum VTOTaeeum 
Pamcum repens 
Pan1 cum agrostoides 
P1iTeUii1 prate n s e 
p;gr:osfi s a 1 b a 
Dactylus gTOrneratus 
Pea pratens1s 
Agropryon cr1statum 
Agropyron desertorum 
Pascopyrum smith11 
Elymus lane~ 
Elymus trachycaulus 
~]ym s dam anus 
y us f1 brosus 
Elymus mutab1lus 
Elymus s1ber1cus 
~]ymus v1rg1n1cus 
ymus canadens1s 
Elymus robustus 
Leymus amb1guus 
Leymus sal1nae 
Leymus trTtlcOi des 
Leymus angustus 
Leymus cinereus 
1'""SatfiYrostachys juncea 
Secale cereale ---
'STtaiilo nelyiiiO i des 
Lol 1 um ~erenne 
rly'trlg1a repe~s 
Elytrigia pont1ca 
E. repens X A. cristatum 
t. repens X A. desertorum 
r. repens X "P". spl Eata 
t. trachycauTus X • sitanion 
t. 1 anceol atus X P:- juncea 
l:"yperus ech1natus- ---
Cyp erus esculentus 
Cyperus str1gosus 
Common name 
corn 
wheat 
barley 
squi rreltail 
creeping pan ic 
red top panic 
timothy 
red top 
orchardgrass 
Kentucky bluegrass 
crested wheatgrass 
desert wheatgrass 
western wheatgrass 
thickspike wheatgrass 
slender wheatgrass 
Siberian wildrye 
Virginia wildyre 
nodding wil drye 
robust wi 1 drye 
Colorado wildrye 
Sal ina wil drye 
creeping wildrye 
altai wil drye 
Great basin wildrye 
Russi an wil drye 
rye 
long bristled wildrye 
perennial ryegrass 
quack grass 
tall wheatgrass 
hybr!d w.g. 
echinate sedge 
yell ow nutsedge 
false nutsedge 
more plants than any other species (Vaurie 1951). This insect is widely 
distributed throughout the United States, and has been studied as a 
turfgrass pest (Lindgren et al. 1981, Kindler et al. 1983). 
The second species, Sphe nophorus gentilis LeConte., was studied as 
it could potentially become a serious pest on range grasses. Vaurie 
(1951) suggested that this species is restricted to the western United 
States . It lives in Bermuda grass Cynodon dactylon lawns in the San 
Francisco Bay area (Van Dyke 1938), and Vaurie (1951) reported that a 
single specimen was collected on alfalfa in Yolo county, California. 
Availability of specimens was also a deciding factor in selecting this 
species for study, which I will refer to throughout as the wildrye 
billbug. 
Large numbers of adult billbugs were available only during certain 
times of the year . Bluegrass billbugs were most easily aquired in the 
spring and early summer while wildrye billbugs are more common about 
month later. Tests performed early in the seasons of 1983 and 1984 
generally utilized bluegrass billbugs, later te sts wildrye billbugs . 
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OBJECTIVES 
The first objective of this study was to develop methods for 
measuring adult billbug feeding injury. wanted to obtain an 
approximate feeding rate for each species so the duration of later 
experiments could be determined . Daily feeding patterns were compared 
between billbug species. 
The second objective was to determine what factors influence plant 
susceptibility to adult billbug injury. wanted to test the hypothesis 
that controlled feeding tests, in both the field and greenhouse,. could 
be used to determine significant differences in host plant 
susceptibility. The known host ranges of the 2 billbug species do not 
overlap. For this reason, different grasses were tested for each 
billbug species. 
Parameters within a host plant population were also tested. It has 
been demonstrated that Colorado beetles (Leptinotarsa decemlineata Say) 
can distinguish between young and old leaves of Solanum dulcamara (De 
Wilde et al. 1969). The hypotheses that older grasses, and grasses ~lith 
large stem diameters are more susceptible to adult billbug feeding 
injury, were tested. An additional study assessed the effect of growing 
location on host plant susceptibility. Plants obtained from 3 different 
geographic locations were tested in the greenhouse. My hypothesis was 
that Great Basin wildrye, l· cinereus (Scribner & Merrill) A. Love 
(Dewey 19B3), a known host plant of wildrye billbugs, shows variation in 
resistance when plants from different native stands are compared in a 
feeding study. 
My last objective was to determine if feeding tests using adult 
billbugs could suppliment other screening methods in identifying 
resistant grasses. 
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REVIEW OF LITERATURE 
About 70 species of Sphenophorus occur throughout the United States 
(Vaurie 1951}. Many species are known only from a small number of 
collected specimens whereas others are common over large geographical 
areas. Fewer than 20t of the known species , or less than 12 (Vaurie 
1951}, are economically important. 
Billbug eggs are oviposited in former feeding sites at basal stem 
regions of the host plant. As the host plant grows, linear patterns of 
small holes usually appear in the unfurling leaves (Metcalf 1917, Hayes 
1920, Cartwright 1g29}. Because some of these holes are circular shaped 
whereas others are oblong, Metcalf (1g17} argued that oviposition sites 
are different than adult feeding sites. He reasoned that circular holes 
are from adult billbug feeding activity whereas oblong holes are created 
in the stem for egg laying. 
Newly hatched larvae feed downward through the inner stem tissues 
and eventually exit the plant near the base of the crown where they feed 
externally on the fiberous root system. Larvae pupate in the soil after 
four to six molts (~1etcalf 1917}. 
The pupal stage (stadium} lasts from 5 to 18 days (Vaurie 1951}. 
New adult insects emerge during late summer and fall and some may feed 
before overwintering depending on the climate . In the southern states 
where frost is absent during most of the fall months, adul t weevils 
could feed as long as living host plant material is available. 
The occurrance of a partial second generation is unclear, and 
probably varies among species. 
Billbugs overwinter as adults (Hayes 1916, Satterthwait 1919, 
Turner 1955). Adults can live beyond 1.5 years (Cartwright 1929), 
although they normally live about 9 months (Hayes 1916, Wright et 
al. 1983). Smith (1913) found that bluegrass billbugs lay eggs during 
the season in which they emerged. Hayes (1916) and Cartwright (1929) 
both concluded that maize billbugs, Sphenophorus maidis Chittenden, have 
only one generation per year. Both investigators attempted to rear a 
second generation under controlled conditons but were unsuccessful. 
Billbugs feed almost exclusively upon monocotyledonous plants. 
Native host plants are those found in marshy areas such as cattails, 
rushes, sedges, and grasses (Satterthwait 1931). When these areas are 
drained and planted to field crops, resident billbug populations often 
adapt to the new plants. Historically, corn has been susceptible 
(Webster 1889, Smith 1891, Osborn and Gossard 1892). In the eastern 
half of the country, severe corn 1 osses have been attributed to a 
billbug normally associated with cattails, Sphenophorus pertinax 
(Olivier)(Parrot 1889), the maize billbug (Cartwright 1929 ) , and the 
southern corn billbug, Sphenophorus callosus (Olivier)(Metcalf 1917, 
Wright et al. 1983). 
Nany important grass species are susceptible to billbug feeding. 
Kentucky bluegrass, Poa pratensis L., a cool season turfgrass, is a 
primary host plant of the bluegrass billbug (Satterthwait 1931, Lindgren 
et al . 1981, Kindler et al. 1983). The hunting billbug, Sphenophorus 
venatus Chittenden, is a serious pest of Zoysia turfgrass (Juska 1965, 
Brussell and Clark 1968) in the east. 
Pasture grasses are also susceptible to billbug injury. Kamm 
(1969) investigated the biology of S. venatus and as a pest on 
orchardgrass. Turner (1955) found that this same pasture grass was 
seriously damaged by the bluegrass billbug. Sphenophorus coesifrons 
Gyllenhal is a pest of bahiagrass, Paspallum notatum Flugge, a pasture 
grass in the southern states (Morrill and Suber 1976). 
Plant varieties have recently been developed that show resistance 
to billbugs. Ahmad and Funk (1982) found significant differences in 
resistance among ryegrass cultivars to bluegrass billbugs. Kindler et 
al. (1983) has done extensive work with billbug resistance in Kentucky 
bluegrass. 
The impact of billbug feeding on range grasses has just recently 
been investigated. Asay et al. (1983) found that bluegrass billbugs 
caused considerable damage to several range grass species, particularly 
slender wheatgrass, ~ trachycaulus (Link) Gould ex Shinners, in a 
field plot in southern Montana. Presently, however, billbugs are not 
regarded as major pests of rangelands. 
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MATERIALS AND METHODS 
Insect sources 
Adult bluegrass billbugs were from several locations in Cache 
County, Utah, in 1983. Pitfall traps along ditchbanks and roadways 
collected adult billbugs that had emerged from overwintering. These 
locations were dominated by quackgrass with some annual grasses (e.g., 
Bromus, Poa spp.). In 1984, bluegrass billbugs were collected using 
pitfall traps in the spring and early summer from a 0.5 ha hybrid 
wheatgrass nursury at the Utah Agricultural Experiment Station, 
Farmington Horticulture Farm, Farmington, Utah. The host plant in this 
nursury was the RS-1 hybrid, quackgrass, Elytrigia repens (L.) Nevski X 
bluebunch wheatgrass, Pseudoroegneria spicata (Pursh) A. Love. In the 
fall, billbugs were secured by hand sifting soil from beneath host 
plants using a 3.2 mm mesh screen. Adult billbugs from the previous 
year were used. Older billbugs can be distinguished from new adults by 
comparing amounts of wear on the exoskeleton. 
Wildrye billbugs were obtained both seasons from a 9.5 ha stand of 
Great Basin wildrye located 27 km west of Snowville, Box Elder county, 
Utah. Adults were collected by hand from stems and inflorescences of 
the wildrye from May through July. 
Detennination of feeding injury 
Plant stems exposed to billbug feeding in the greenhouse were 
examined under a dissecting scope to detennine feeding injury. Plants 
from infested fields were also examined for adult billbug feeding. 
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Feeding rates were determined for both billbug species in a 
greenhouse study. Cages with host plants were prepared, using 
greenhouse grown RS-1 hybirds and Great Basin wi ldrye plants, for 
bluegrass and wildrye billbugs, respectively. Six 5 month old plants 
were transplanted to each of 6 soil filled trays. Plants were arranged 
in 2 rows of 3 plants each. All but 10 stems were removed from each 
plant to standardize the number of stems. Plexiglas cages, 470 X 280 X 
1b0 mm high, were placed around each group of plants. Ten adult 
billbugs were stocked into each cage. The 6 bluegrass billbug cages 
each received 5 male and 5 female insects. The cages of Great Basin 
wildrye each received 10 billbugs as well, however, the sex ratios were 
11 
variable. found that it is difficult to positively identify the sexes 
of this species when examining living specimens. I attempted to 
compensate for the unknown sex ratios by selecting similar sized 
insects. 
All 60 stems were removed from one of the test trays at 12 hour 
intervals after the introduction of billbugs. Sampling periods were at 
6:00 a.m. and 6:00p.m. M. S.T . Stems were examined under a di ssecting 
scope and puncture marks were counted. A total number of punctures was 
obtained for each group of 60 stems. All stems were removed and 
examined after 3 days (6 samples 12 hours apart). This method produced 
6 puncture totals, one for each sampling period, for each billbug 
species . The coefficient of determination was calculated for each 
species correlating number of punctures with time. 
Grand mean values were divided by 10.5, the total number of billbug 
days of feeding, and again by 10, the number of billbugs per cage . 
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Daily feeding injury 
Special cages were constructed to hold individual insects . A 454 
ml tapered Solo cup was cut in half 40 mm fr001 the bottom. The small 
section was fastened in a reverse position inside the larger portion. A 
small hole was made in the bott001 of the small section to hold a plant 
stem. Cages were completed by placing a glass lantern chimney, 220 mm 
high , over the inverted cup. Twenty of these cages were constructed. 
Stems of host plants were placed vertically through the holes into a cup 
of water that prevented dessication. The upper portion of the stem 
holder was then filled with damp sand. Stems from the RS-1 hybrid were 
used in the bluegrass billbug test, stems with infloresences from Great 
Basin wildrye for the wildrye billbug test. A single adult was placed 
in each of the 20 cages. Twelve hours later, begining at 5 p.m. 
M.S.T., observations were made at 5 hour intervals for 3 days (72 
hours). The number of billbugs feeding on the plants were recorded. 
Grass genera test 
A host preference study in 1983 compared 5 different grass genera 
in the greenhouse for bluegrass billbug feeding preferences. Entries 
tested were: 1) orchardgrass, Dactylus glomeratus, 2) slender 
wheatgrass, 3) altai wildrye, Leymus angustus (Trin.) Pilger, 4) reed 
canarygrass, Phalaris arundinaria, and 5) Kentucky bluegrass. All test 
plants were grown from seed in a greenhouse. Individual plants were 
reduced to 20 tillers each and transplanted into metal trays. Each of 5 
replicate trays contained one plant of each grass entry arranged in a 
circular pattern (Fig. 1). Plexiglas cages, 470 X 280 X 180 mm high, 
enclosed each group of plants (Fig. 2). Adult bluegrass billbugs (5 
males and 5 females) were placed in each enclosure and left undisturbed 
Fig. 1. Circular arrangement of test plants in soil 
filled trays in the grass genera preference study. 
Fig. 2. Plexiglas enclosures for containing adult billbugs. 
13 
14 
for 13 days. 
Numbers of punctures were recorded for each stem. Analysis of 
variance was used to determine differences in numbers of pu nctures among 
entries and among cages (replicates). Differences among entries were 
further determined using Newman-Keuls multiple comparison procedure 
(Kirk 1982 ). 
From 3 of the 5 replicate cages , distances were measured from the 
crown to each feeding puncture. Median puncture height values were then 
determined for each entry. 
Grass growth study 
A grass growth rate study was initiated October 1983 to study the 
effect of grass age on stem diameter. Three grass entries, crested 
wheatgrass, slender wheatgrass, and the RS-1 hybrid, were grown under 
controlled conditions in the greenhouse with the same soil type., amount 
of water and fertilizer, and light. Grasses were grown in plastic 
Cone-tainers on a greenhouse bench. Upon transplanting from germination 
boxes, seedling stem diameter measurments were made, as were subsequent 
measurments every 30 days. Diameters 1~ere determined using calipers 
measuring the point on the stem 10 mm above the soil. Measurments were 
made for 4 months. Diameter values were calculated based on 100 
measurments per entry. 
Grass stem elongation duri ng growth was determi ned by randomly 
selecting 20 stems from each entry, marking with enamal paint 10 mm 
increments from the crown, and measuring every 30 days. Differences 
between paint marks were obtained to determine vertcal growth rates near 
the base of the stem. 
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Effect of stem diameter 
The same 3 grass entries used in the growth rate study were used in 
this test. Test plants of slender wheatgrass and RS-1 were grown in the 
greenhouse . Except for a field collected crested wheatgrass, tillers 
were removed from the plants and measured with calipers on the first 
internode. Stem size classes for the crested wheatgrass were 0.9, 1.5, 
and 2.2 mm , while the size classifications for the hybrid were 1.0, 1.9, 
and 2.8 mm. The slender wheatgrass stems were separated into only two 
size classes of 0.9 and 1.6 mm because this species typically has thin 
stems. All diameter measurments were accurate to within 0.1 mm. 
Individual stems were transplanted into soil filled trays. A 6 X 6 
Latin square design was used to arrange the different sized stems of the 
same entry in each test tray. Stems were placed 50 mm apart in rows and 
columns. In the crested wheatgrass and hybrid stem arrangements, 2 
stems from each size class were in each ro~t and column. For each entry, 
3 replicate trays were prepared. These trays were arranged side by side 
on a greenhouse bench. A 280 mm square X 180 mm high plexiglas cage 
enlclosed each group of stems . Due to the limited number of male 
billbugs at the time of this study, adult weevils were released into 
each enclosure at the proportion of 180 females to 7 males. Because the 
stem densities in the test trays were much lower than in a field 
situation, the amount of light upon the soil surface was higher than 
usual. For thi s reason, empty metal trays were placed upside down over 
the top of each enclosure in order to reduce the amount of direct 
sunlight. 
After 72 hours, stems were removed and feeding punctures counted 
under a dissecting scope on the lower 50 mm of each stem because this is 
where diameters were previously measured. Total numbers of feeding 
marks were obtained for each size class in each entry. 
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Stem surface areas were calculated for each size class within an 
entry. These areas were based on the lower 50 mm section of stem, using 
the equation for the determination of area of a cylinder. These 
calculated values were combined over all stem size classes to produce a 
total surface area value for each entry. This value was divided by the 
total number of feeding punctures to produce and average puncture 
density. These densities formed a standard basis for comparing feeding 
injury among entries. Coefficients of determination were calculated for 
each entry, correlating number of feeding punctures with stem diameter. 
Stem feeding tes~ 
Grass stems (1.7 ± 0.3 mm india.) were used in a greenhouse study 
to compare Agropyron desertorum J. A. Shultes, Great Basin wildrye, and 
western wheatgrass, Pascopyrum smithii (Rydb.) A. Love for feeding 
susceptibility. Three plants of each entry were collected from the 
field and prepared for testing in the laboratory. 
Ten cages made of glass lantern chimneys were placed over small 
discs of foam rubber containing vertically held insect pins. Stems of 
lOO mm long sections from each test plant were positioned on the pins in 
a 3 X 3 Latin square arrangement. Similar kinds of cages were used in 
other feeding studies where leaf discs are arranged on pins in a 
: ircular pattern (Ahmad 1983). Ten adult wildrye billbugs were placed 
in each cage and left for 3 days. Punctures were counted and data were 
examined by analysis of variance. 
Leaf feeding test 
Leaves from month old greenhouse grown plants were positioned on 
the insect pins. As before, 3 replicate plants of an entry were used. 
The arrangement of leaves within the cages was the same as in stem 
feeding study. Ten adult wildrye billbugs were placed in each cage and 
left for 3 days. Analysis of variance was used to compare differences 
in numbers of punctures among entries. 
Comparison of wildrye stands 
17 
In the greenhouse, feeding responses of wildrye billbugs to Great 
Basin wildrye from 3 different geographic locations were compared. The 
first stand (LC) was 21 km east of Logan, Utah where wildrye plants were 
abundant along a small stream in the bottom of a canyon. Flowering 
plants averaged 1.6 min height. The second wildrye stand (JC) was 27 
km west of Snowville, Utah. Plants here averaged 1.4 m tall at 
maturity. The third stand (IN) was near the southern boundary of the 
Idaho National Engineering Laboratory, 12 km west of Atumic City, Idaho . 
Plants here were considerably shorter, averaging about I.1 m. These 3 
wildrye stands were chosen so that distinct plant populations could be 
compared. At each site, 5 plants were randomly selected by tossing a 
sweep net into the air and choosing the plant closest to the end of the 
handle. From each plant, 20 to 25 flag-1 leaves were removed, labeled, 
and placed in a cooler for transport back to the laboratory. Earlier 
observations indicated that these insects would readily feed on grass 
leaves. For this reason, leaf blades were used in this feeding study. 
Leaf sections identified by location and plant number within a location 
(1,2,3,4, or 5) were used. Leaf sections 100 mm long were placed on 
pins in Latin square patterns. Arrangement of leaf sections in cages 
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was as follows: 3 leaf sections from each location, each section 
representing a different replicate plant from a given location. In test 
#1 plant replicate numbers 1, 2, and 3 were used. The second set of 5 
cages, or test #2, contained plant replicates 3, 4, and 5. For example, 
each of the first 5 cages contained 1 section each from LC-1, 2, and 3, 
JC-1, 2, and 3, and IN-1, 2, and 3. 
Billbugs were stocked at the rate of 10 per cage (Fig. 3). To 
attempt to eliminate a feeding bias for Snowville plants, the weevils 
were previously maintained for 3 weeks on Great Basin wildrye plants 
collected 7 km west of Logan, Utah. These plants represented a host 
source independent of the test plant locations. After 120 hours feeding 
hole data were counted for each leaf section (Fig. 4). 
The numbers of feeding holes were counted in each leaf section and 
an analysis of variance was performed for each feeding test. 
All leaf sections tested were visually compared under a dissecting 
scope after injury values were obtained. Some resistance has been 
reported to be indirectly associated with plant color and shape (Norris 
and Kogan 1g8Q) and I wanted to determine if visible morphological 
differences existed. 
Field test #1 
A field test compared different aged grasses for susceptibility to 
bluegrass billbugs. Slender wheatgrass plants, representing 2, 4, 6, 
and 8 month age groups, were transplanted from cone-tainers to a field 
plot in North Logan, Utah. Plant arrangements consisted of 2 plants 
from each age group. These 8 plants were arranged 50 mm apart in a 
hollow-square shaped design, with same aged plants set opposite. A 
total of 8 replicate plantings were prepared. After allowing 2 weeks 
Fig. 3. Glass cages containing wildrye bfllbugs and 
leaf blade sections. 
Fi g . 4. Adult wildrye billbugs feeding on L. cinereus 
leaf blade sections. 
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for the plants to recover from transplant shock, all but the 5 most 
vigorous stems on each plant were removed by clipping. Ple~iglas cages, 
280 mm X 180 mm high, enclosed each replicate. Each of the 8 enclosures 
held 10 adult bluegrass billbugs, 5 males and 5 females, during late 
afternoon July 29. Fifteen hours later, the test plants were e~amined 
in the 1 aboratory for feeding "'arks. Tota 1 numbers of feeding marks 
were recorded for each age group. 
Field test #2 
A field test compared host plant susceptibility among different 
species of grasses. The experimental design of this test was similar to 
the plant age test. Plants were prepared in each of 8 replicate 
enclosures as before with 4 different grass species replacing the 4 age 
groups. Grasses tested were: 1) crested wheatgrass, Agropyron 
cristatum L., 2) thickspike wheatgrass, Elymus lanceolatus (Scribner & 
J. G. Smith) Gould, 3) western wheatgrass, Pascopyrum smithii (Rybd. l 
A. Love, and 4) bluebunch wheatgrass. These perennial grasses were 
chosen for study because they provide important forage on intermountain 
rangelands. All plants were 4 months old at the time of testing. Adult 
wildrye billbugs were maintained for 3 weeks on Great Basin wildrye 
before testing. On July 30, 10 adult weevils were placed in Plexiglas 
cages and_ allowed to feed for 48 hours. The number of feeding marks 
were determined in the 1 abora tory with ,a dissecting scope. 
Field test #3 
The last field test compared 4 additional grass species: 1) 
slender wheatgrass, 2) quackgrass, 3) Great Basin wildrye, and 4) 
Kentucky bluegrass . The grasses were 4 months old when tested. 
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Bluegrass billbugs were maintained on the wheatgrass RS-1 hybrid prior 
to testing. Again 10 adult weevils, 5 males and 5 females, were 
introduced into each of the B replicate cages and allowed to feed on the 
test plants for 2 days. Data were obtained in the same manner as in the 
wildrye billbug test. 
RESULTS 
Feeding injury rates 
Both billbug species produced very similar types of damage to the 
plant material. Damage was on the stems in the form of small holes ca. 
0.3 mm in diameter. These holes are slightly oval with the long axis 
parallel to the stem. An examination of bluegrass bill bug punctures 
(n=240) showed a range in depth from 0.2 - 1.1 mm (X= 0.7). An 
examination of 185 wildrye billbug punctures showed a range in depth 
from 0.1 to 1.3 mm, the mean depth being 0.6 mm. 
Adult billbugs also fed on leaves. Both bluegrass and wildrye 
billbugs frequently punctured holes directly through leaf blades. 
Wildrye billbugs also fed heavily in the holding cages upon grass 
infloresences. Damage to wheatgrass hybrid infloresences by bluegrass 
billbugs was not observed. 
A seeond type of feeding injury that was exhibited less frequently 
by both species of billbugs consisted of gouging out furrows in the 
l ower stem regions. Strips of fiberous stem tissue, up to 6 mm in 
l ength, were mined out parallel to the stem axis. Great Basin wildrye 
f om the JC stand showed the same type of feeding damage found on the 
greenhouse plants. However, the gouging type of injury was not 
Olserved. Secondary damage to the leaves from prior stem feeding was 
qJite conmon in these field plants (Fig. 5). Direct feeding on leaf 
blades was not observed. 
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About 20t of the wildrye field plants had infloresences that showed 
difficulty in separating from leaf sheaths (Fig. 6). Close examination 
Fig. 5. Secondary feeding damage by adult wildrye 
billbugs to L. cinereus leaves. 
Fig. 6. Infloresences of L. cinereus showing dis-
figurment due to adult wildrye billbug feeding injury. 
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of these infl oresences documented the presence of feeding punctures. 
Weevils punctured florets while the flower was in the boot stage and fed 
upon the pistal and stamens. 
Plants from the RS-1 hybrid nursery were examined for feeding 
injury by adult bluegrass billbugs. Feeding injury was found on stem 
areas as punctures like those observed on greenhouse host plants. 
Gouging damage was not present nor was direct feeding to the leaves. 
Secondary leaf blade damage was rare. Of twenty plants examined, only 
one showed gouging damage. By comparison, more than half (12 of 20) of 
the Great Basin wildrye plants examined in the field exhibited this type 
of injury by wildrye billbugs. Infloresences of RS-1 plants did not 
show any feeding injury. Feeding injury rates were calculated for both 
billbug species (Table 2). 
Table 2. Number of punctures by 10 adult billbugs to 10 stems 
over 3 days in the greenhouse. Ten adult insects were used 
in each of 6 cages where feeding durations varied from 0.5 to 3.0 days. 
RS-1 hybrids were used in bluegrass billbug cages, Great Basin 
wildrye in wildrye billbug cages. 
Feeding duration (days) Grand 
Bill bug sp. 0.5 1.0 1.5 2.0 2.5 3.0 Total mean 
bluegrass b.b. 2 12 18 37 66 70 205 1. 95 
wildrye b.b. 7 24 33 58 67 76 265 2. 52 
Coefficients of determination: 
2 
bluegrass b.b. r =0. 95 
2 
wil drye b.b. r =0. 98 
Uumbers of punctures were counted for each feeding time period (12-72 
hours). These approximate rates were 2.0 punctures per day per 
bluegrass billbug and 2.5 punctures per day per wildrye billbug. 
Daily feeding activity 
Daily feeding activity data show a cyclical feeding pattern for 
bluegrass billbugs (Fig. 7). On all 3 days , the number of feeding 
bluegrass billbugs increased during the morning period from 6:00 
a.m. until noon. Periods of less frequent feeding activity occurred 
near midnight. 
Feeding activity of wildrye billbugs followed a less predictable 
pattern. Periods of greatest feeding activity showed slight peaks at 
midnight on the 2nd and 3rd day of the study. 
Grass genera test 
Data collected from the grass genera test using bluegrass billbugs 
are sumnarized in Tables 3 and 4. An analysis of variance of total 
feeding injury !Table 5) gave significant differences (P<O.Ol l among 
entries. Altai wildrye received 38.6% of the total punctures over all 
replicate cages. Reed canarygrass was the most resistant to bluegrass 
billbug having only 2.3% of total punctures (Fig. 8). 
Values for the Elymus, Dactylus, Leymus, and Poa entries i ndicate 
that 1-5 punctures was the most common number of punctures per stem 
(Fig. 9). 
Grass growth study 
The results of the grass growth study are shown in fig. 10. The 
association between stem diameter and age appeared to be fairly strong 
during the first 2 months of growth. After this time, diameter growth 
rate slowed considerably. 
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Table 3. Punctures (X±SD l incurred by 50 bluegrass billbugs to 5 
grass genera in a greenhouse study. Feeding duration was 13 days. 
------------------------ENTRY-----------------------
Elymus Dactyl us Leymus Phalaris Pea 
Ca e ~ 
n= 
x 2.1 3.9 5.8 o. 7 1.6 
±SO 2.1 3.2 2.2 1.1 1.8 
2 x 1.3 2.1 3.7 0.8 4.2 
±SO 1.3 1.5 2.1 1.1 2.1 
3 x 4.7 4.0 5.8 0.6 4.5 
±SO 3.1 3.0 3.4 1.1 2.5 
4 x 5.1 6.1 13.2 1.2 2.5 
±SO 3.6 3.0 7.3 1.4 1.7 
x 3.5 7.1 9.0 0.4 3.8 
±SO 2.5 3.3 2.9 0.8 1.8 
Grand 
x 3.3 4.6 7.6 0. 7 3.3 
±SO 3.0 3.3 5.3 1.1 2.3 
Table 4. Survey of feeding damage by 10 adult bluegrass billbugs 
to 20 stems of each of 5 grass genera. 
NUMBER OF STEMS WITH TOTAL 
INDICATED NO. OF PUNCTURES PUNCTURES 
ENTRY N 0 1-5 6-10 11-15 >15 
Elymus 100 16 66 15 0 333 
Dacttl us 100 10 48 37 0 460 
Leyr.1us 100 37 42 13 7 755 
Phal ari s 100 60 40 0 0 0 72 
Po a 100 9 79 12 0 0 326 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -
~1EOIMI HEIGHT 
ABOVE CRmHJ OF STEt1 DIAMETER AT 
FEEDING INJURY ( Ml·ll ~1ED!Ml HEIGHT 01M} 
ENTRY N RANGE ( M~l} (MEAN VALUE} 
Elymus 60 15 1-47 1.0 
Dactyl us 60 13 1-38 4.0 
Leymus 60 3 1-19 2.5 
Phalaris 60 13 3-25 2.0 
Po a 60 10 1-27 1.0 
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Table 5. Analysis of variance of feeding puncture data from grass 
genera study. 
Degrees 
Source of Sum of squares Mean squares F 
freedom 
** 
Entries 4 2,465.908 616.477 8.569 
Replicates 4 734.068 183.517 2.551 
** 
Reps X Entr ies 16 1,151.092 71.943 10.380 
Error 475 3,292.100 6.931 
Total 499 7,643.168 
** 
Significant at the 1% level of probability 
29. 
No differences in distances between stem paint marks over time were 
detennined for any of the grass entries, indicating that stem elongation 
did not occur. 
Effect of stem diameter 
Feeding punctures incurred to stems of 3 wheatgrasses are 
summarized in (Table 6). Numbers of feeding punctures were 
significantly different among size classes in 2 of the 3 entries (Tables 
7, 8, and 9). The 2 stem size classes of slender wheatgrass were not 
different as determined by a t-test or Newman-Keul s multiple comparison 
procedure (Fig. 11). 
Puncture densities were calculated as were coefficients of 
detennination (Table 10). Values for slender wheatgrass and the RS-1 
hybrid were highly significant, for low and moderate positive 
correlations, respectively. The correlation was not significant for the 
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Table 6. Su~ary of feeding punctures incurred by bluegrass billbugs 
to stems of 3 wheatgrasses. Twenty five weevils were stocked in each 
caye and all owed to feed for 72 hours. 
SIZE NO. PUNCTURES/STEM 
ENTRY REP. # CLASS (12 OR 18 STEMS/REPLICATE) X± SD 
AGCR 1 0.9 IIIli 2 1 2 1 0 3 1 3 4 1 1 4 1.9±1.3 
2 0.9 IIIli 3 7 5 3 0 2 4 4 2 2 1 3 3.0:1.0 
3 0.9 IIIli 0 3 4 0 7 3 7 2 1 3 2 2 2.8:2.3 
1 1. 5 r.m 0 5 4 7 8 7 2 4 1 5 1 4 4.0:2.6 
2 1.5 IIIli 6 8 3 5 8 3 4 2 7 3 5 3 4.8±2.1 
3 1.5111ll 3 5 6 5 12 6 9 3 2 5 5 3 5.3±2 .8 
1 2.2 mm 10 10 8 1 2 5 7 6 5 1 4 5 5.3±3.1 
2 2.2 IIIli 4 4 3 4 3 6 4 5 16 3 6 7 5.4±3.6 
3 2.2 IIIli 4 7 4 5 8 9 4 7 2 1 4 7 5.2±2 .4 
ELTR 0.9 IIIli 5 2 4 0 4 5 2 2 3 2 3 
3 2 3 0 1 2 2.4±1.5 
2 0. 9 nrn 4 5 1 2 3 6 0 3 5 0 
1 1 1 0 1 4 3.1±3.0 
3 0.9 IIIli 5 3 0 2 0 1 4 2 3 5 3 
6 1 2 2 1 0 2.3±1.8 
1. 6 nrn 0 s 9 2 1 3 0 5 3 4 4 
3 0 0 6 7 4 3.2±2.6 
2 1.6rrrn 3 0 3 4 3 2 2 3 3 3 0 2 
3 3 5 1 2 4 2.6±1.3 
3 1.6 r.Jl: 4 1 5 0 3 1 3 4 4 3 3 
0 4 4 2 1 1 2.5±1.5 
RS-1 1 1.0 mm 2 0 0 0 2 0 10 3 0 0 8 2 2.3±3.4 
2 1.0 mm 0 3 0 0 4 2 0 1 1 2 0 4 1. 4±1. 6 
3 1.0 IIIli 4 1 0 0 1 2 7 5 7 0 0 1 2. 3±2. 7 
1 1.9 mm 1 7 1 5 5 4 10 3 0 5 4 3 4.0±2.8 
2 1.9 IIIli 2 4 7 3 3 5 2 1 2 5 4 7 3.8±2.0 
3 1.9 mm 3 3 4 2 5 6 1 5 1 4 1 6 3.4%1.9 
1 2.8 r.m 5 3 5 5 9 6 4 3 2 4 2 6 4.5±2.0 
2 2.8 r.m 6 3 3 5 6 4 5 2 6 6 4 5 4.6±1.4 
3 2.8 r.r.l 5 3 2 9 2 4 2 2 0 3 1 2 2.9:2.3 
35. 
Table 7. Analysis of variance of A~CR stem feeding punctures in 
stem diameter test. 
Source 
Entries 
Replicates 
Reps X Entries 
Error 
Total 
** 
Degrees 
of 
freedom 
2 
2 
4 
99 
107 
Sum of squares 
150.129 
11.629 
9.038 
638.500 
809.296 
Significant at the 1'1, level of probability. 
Mean squares F 
75.065 33.215 
5.815 2.573 
2.260 0.350 
6.449 
Table 8. Analysis of variance of ELTR stem feeding punctures in 
stem diameter test. 
Source 
Entries 
Replicates 
Reps X Entries 
Error 
Total 
Degrees 
of 
freedom 
2 
2 
102 
107 
Sum of squares Mean squares F 
3.342 3.342 3.503 
3. 352 1.676 1.757 
1. 908 0.954 0.283 
343.944 3.372 
352.546 
** 
Table 9. Analysis of variance of RS-1 stem feeding punctures in 
stem diameter test. 
Degrees 
Source of Sum of squares r1ean squares F 
freedom 
* 
Entries 2 83.574 41.!87 8.008 
Replicates 2 8.019 4.010 0.768 
Reps X Entries 4 20.870 5.218 0.979 
Error 99 527.750 5.331 
Total 107 640.213 
* Significant at the 5~ level of probability. 
crested wheatgrass. 
Stem feeding and 1 eaf feeding tests 
An analysis of variance was performed on data from stem feeding 
test and leaf feeding test (Table 11). In both studies , highly 
significant (P <0.01) F ratios we re obtained (Tabl es 12 and 13) 
indicating considerable differences in numbers of feeding punctures 
received by each entry. Other differences between entries and 
individual plants within entries were estimated using Newman-Keuls 
multiple comparison procedure (Fig. 12) . Greater numbers of punctures 
were recorded from the leaf test. Punctures to leaves were mostly 
36 
distributed over leaf surfaces in a random fashion, whereas in the stem 
feeding test, punctures were concentrated near the top 5 mm of the stem 
sections . Individual punctures were more difficult to identify on the 
stems than on the 1 eaves. 
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Table 10. Comparison of feeding injury rates among stem diameter test 
grass entries. Puncture densities are based on the total areas of test 
stems, from the crown to 50 nrn in height, summed over all size classes 
within an entry. Coefficient of determination values correlating stern 
diameter with number of feeding injury marks. 
STEM AREA NO. PUNCTURES/ 
2 TOTAL 2 2 
ENTRY CM PUNCTURES Ctl R 
AGCR 254.5 452 1.8 .41 
** 
ELTR 212.1 277 1.3 .12 
** 
RS-1 322.3 349 1.1 .36 
** 
Significant at l't level. 
Tabl e 11. ~lean ( ±SU) feediny punctures incurred by uildrye billbugs 
to sterns and 1 eaves of 3 whea tgrasses. Ten weevils were stocked in 
eac h cage and allowed to feed for 72 hours . 
--- - ----------------ENTRY---------------------
AGDE LECI PASM 
Plant# 2 3 2 3 2 3 
n= 
stems 
x 1.5 2.2 1.8 1.2 2.4 2.3 1.0 2 .o 0.0 
:so 1.0 1.6 1.5 1.4 3.4 1.7 0.3 0.6 0.0 
leaves 
x 10.4 10.1 12.5 31.7 46.1 43.8 6.3 8.1 9.9 
±SO 6.7 4.6 8.2 11.1 26.8 29.2 3.8 4. 7 9.4 
Comparison of wildrye stands 
Feeding punctures by wildrye billbugs varied greatly among plants 
from different stands (Table 14). The 2 tests in this study, comprised 
of 5 replicate cages each, showed highly significant (P<D.01) 
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differences in amounts of feeding injury relative to host plant location 
(Tables 15 and 16). The Logan canyon and Idaho wildryes received about 
the same amount of feeding injury in both tests. Logan canyon plants 
received 14.71 of all feeding punctures, Idaho plants 14.91, and 
Snowville plants 70.41 (Figs. 13 and 14). At-test indicated that 
numbers of feeding punctures to plant JC-3 was not different when both 
tests were compared. Color and surface morphology among plants were 
indistinguishable among the locations. 
Field tests 
Table 17 summarizes the puncture data from 3 tests in the field. 
An analysis of variance (Table 1B) indicated that no significant 
Table 12. Analysis of variance of feeding puncture data from 
stem feeding study. 
Degrees 
Source of Sum of squares Mean squares 
freedom 
Entries 2 65.067 32.534 
Replicates 9 30.233 3.359 
Reps X Entries 18 78.933 4.385 
Error 60 106.667 1.777 
Total 89 28D. 900 
** 
Signifi cant at the 1% level of probability. 
Table 13. Analysis of variance of feeding puncture data from 
1 ea f feedi nq study. 
Degrees 
Source of Sum of squares Mean squares 
freedom 
Entries 2 19,325.489 9,662.745 
Repli cates 9 3,422.989 380.332 
Reps X Entries 18 2,211.178 122 .843 
Error 60 13,288.000 221.467 
Total 89 38,187.656 
*** .
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F 
* 
7.419 
0.766 
** 
2.467 
F 
** 
78.659 
* 
3.096 
0.555 
Significant at the 1% and 5% levels of probability, respectively. 
50 
(/) 45 
I I ~ 40~ ~STEMS m LEAVES 
0 35 
c: 
::> 
a.. 30 
~ 25 
·-
~ 20 
Q) 
u.. 15 
c: 
co 10 
Q) 
::2: 5 
0 
---11-- P A S M ---1 
Grass Entries 
Fig. 12. Mean (• SE) feeding punctures to 3 stems and 3 leaves of each of 3 grass entries 
by wildrye billbugs. Entries were tested using 10 adult wildrye billbugs per cage over a 3 
day period. Means with the same letter do .not differ significantly (P <0.05). 
.,. 
p 
Tab l e 14 . Mean (*SD) feeding punctures incurred by wildrye billbugs 
to l eaves of Great Basin wildrye from 3 different stands. Ten weevils 
were stocked in each cage and allowed to feed for 120 hours. 
Plant # 
n= 
test #1 
x 
*SD 
Plant # 
n= 
test #2 
x 
±SD 
------------PLANT LOCATION------------
IN 
2 3 
3.2 2.6 5.4 
1.8 1.9 4.8 
LC 
2 
1.2 6.0 6.4 
1.6 5.2 5.9 
JC 
2 3 
23.4 50.0 35.0 
11.4 13.5 17.0 
------------PLANT LOCATION------------
IN LC JC 
3 4 5 3 4 5 3 4 
9.2 11.2 6.2 8.0 10.0 5.8 42.0 11.8 16.8 
9.8 6.5 5.6 6.9 6.2 9.7 18.7 6.1 11.0 
differences existed between 4 different aged slender wheatgrass plants 
when subjected to feeding by adult bluegrass billbugs. 
Table 15. Analysis of variance of feeding puncture data from 
test #1, comparison of wildrye stands. 
Degrees 
Source of Sum of squares Hean squares 
freedom 
Entries 8 12,128.800 1516.100 
Replicates 4 125.644 31.411 
Reps X Entries 32 2,650.756 82.836 
Total 44 14,905.200 
F 
** 
18.302 
0.379 
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Table lb. Analysis of variance of feeding puncture data from 
t est #2, comparison of wildrye stands. 
Uegrees 
Source of Sum of squares Mean squares 
freedom 
Entri es 8 5,024.312 628.039 
Replicates 4 152.000 38.000 
Reps X Entries 32 3,276.800 102.400 
Total 44 8,453.112 
** 
Significant at the l 't level of probab i1 i ty. 
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F 
** 
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Fig. 13. Mean (± SE) feeding punctures by 10 wildrye billbugs to 
leaves of Great Basin wildrye after 5 days in test #1, comparison of 
wi ldrye stands . Means with the same letter do not differ significantly 
(P <0.05). 
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Fig. 14. Mean (± SE) feeding punctures by 10 wildrye billbugs to 
leaves of Great Basin wildrye after 5 days in test #2, comparison of 
wildrye stanas. Means with the same letter do not differ significantly (P <0.05). 
Table 17. Feeding data (X±SO) from 3 fe eding tests in the field. 
Test 1 and 3 utilized bluegrass billbugs, test 2 wildrye billbugs. 
Eighty billbugs (10 per cage) were used in each test. Bluegrass 
billbugs were allowed to feed for 15 hours in test 1 and 48 hours in 
test 3. Wildrye billbugs were also left for 48 hours in test 2. 
n=8 
Test 
x 
±SO 
n=B 
Test 2 
x 
±SO 
n=B 
Test 3 
x 
±SO 
--------------AGE (MONTHS)--------------
1.5 
1.5 
2 
1.8 
2.4 
3 
2.1 
3.2 
4 
1.6 
2.7 
------- - --------- ---ENTRY------ -- - - - - ------
AGCR 
7.1 
3.4 
ELTR 
4.4 
2.6 
PASH 
0.4 
o. 7 
PSSP 
2.8 
3.8 
---------- ---~------ENTRY------------------
ELTR 
2.8 
2.3 
ELRE 
2.3 
2.3 
LECI 
4.6 
3.4 
POPR 
5.3 
3.2 
Table 18. Analysis of variance of feeding puncture data from 
field study #1. 
Degrees 
Source of Sum of squares Mean squares 
freedom 
Entries 3 0.175 0.058 
Replicates 7 5.500 0.786 
Reps X Entries 21 12 . 325 0.587 
Error 288 170.200 0.591 
Total 319 188.200 
F 
o.og9 
1.339 
0. 993 
44. 
The second field test compared 4 wheatgrass species for 
susceptibility to wildrye billbug injury. Differences in amount of 
injury among entries was highly significant (P<0.01) as determined by 
analysis of variance (Table 19). 
Table 19. Analysis of variance of feeding puncture data from 
field study #2. 
Degrees 
Source of Sum of squares Mean squares 
freedom 
Entries 3 19.310 6.437 
Replicates 3.997 0.571 
Reps X Entries 21 19.215 0.915 
Error 288 214.700 0.746 
Total 319 257.222 
** 
Significant at the 1~ level of probability 
In 6 replicates, slender wheatgrass plants received more feeding 
F 
7.035 
0.624 
1. 227 
punctures than bluebunch wheatgrass. Clearly, the crested wheatgrass 
45. 
** 
was the most susceptible entry in this feeding test. Differences 
between injury rates of the 8 test insect replicates were not 
signficant. The range in plant ages (2-8 months) was possibly not great 
enough to influence feeding preferences if in fact differences in 
susceptibility do occur among grasses as a result of plant age. 
Differences among grasses for susceptibility to billbug injury were 
not different in the third field test. In this study, bluegrass 
billbugs were provided with slender wheatgrass, Great Basin wildrye, 
quackgrass, and Kentucky bluegrass. Amounts of feeding injury were not 
different (Table 20). 
Table 20. Analysis of variance of feed ing puncture data from 
field study #3. 
Degrees 
Source of Sum of squares Mean squares 
freedom 
Entries 3 5.010 1.670 
Replicates 4. 572 0.653 
Reps X Entries 21 18.065 0.860 
Error 288 245.100 0.851 
Total 319 272.747 
NS = Nonsignificant 
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F 
1. 942 NS 
0. 759 
1.011 
4 7. 
DISCUSSION 
Sunmary of feeding injury 
Feeding characteristics between billbug species were similar in one 
respect: feeding injury in the form of stem punctures was physically 
indistinguishable. Puncture size and shape were consistantly equal 
between billbug species in all field and greenhouse studies. This does 
not seem unusual as both insects are similar in size and morphology. 
Feeding characteristics between species varied in several ways. 
Bluegrass billbugs feed almost entirely on lower (<5 em) sections of 
grass stems. Wil drye bill bugs tend to feed over 1 arger areas of the 
host plant, and they select infloresences over stem or leaf tissues as 
feeding sites regardless of host species . When infloresences were not 
available to these billbugs, however, they would readily feed upon other 
plant parts (e.g. stems, leaves). A greenhouse study showed that 
wildrye billbugs produce and average of 2.5 punctures/day, compared to 
2.0 punctures/day for adult bluegrass billbugs. Because the grass 
plants used in this study, Great Basin wildrye for wildrye billbugs and 
the RS-1 hybrid for bluegrass billbugs, are susceptible hosts, I believe 
that these injury rates are quite accurate. 
Daily feeding times differed considerably between billbug species. 
Bluegrass billbugs would increase their feeding activity during the 
early daylight hours (Fig. 7). This appears to be an unusual pattern in 
that this type of behavior would conceivably render ·the insects more 
vulnerable to predation in a field setting. The erratic daily feeding 
activities of wildrye billbug is difficult to interpret. These tests 
4\l 
were conducted in the greenhouse in July , when outdoor temperature 
fluctuations varied by as much as 8 degrees celcius in a 24 hour period. 
Temperature changes in the greenhouse were of a lesser magnitude. The 
glass cages also restricted air movement around the insects. These 
factors undoubtedly influenced the results of this study. Subsequent 
feeding studies in this thesis involved tests longer than 24 hours in 
duration , so the results of this study were of lesser importance than 
originally intended. 
Effect of stem diameter and stand location 
It was determined in a growth study that grass stem diameter was 
associated with plant age during the first 2 months of growth. The 
tests comparing different sized grass stems showed that larger stems 
received more feeding injury than smaller ones. This would seem natural 
in that more stem surface was available for feeding on the large stems. 
The largest stems in each entry had slightly higher puncture densities 
than sma 11 er ones. Feeding injury marks on the stems covered 1 ess than 
1% of the available surface area. For this reason it seems unlikely 
that the insects would shift their feeding from smaller to larger stems 
because of reduced amount of plant tissue available for feeding. If 
feeding punctures were independently distributed, then one would expect 
the larger stems to receive the most punctures. 
During 1983 and 1984, I examined different stands of Great Basin 
wildrye in western Box Elder County, Utah. I found that only one stand 
had consistantly high populations of wildrye billbugs during the spring 
and summer months. An explanation for the high population may be due to 
the management history of this stand. The elimination of shrubs by 
herbicide spraying and burning has produced a near monoculture of 
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wildrye. This lack of plant species diversity may effect the population 
of natural billbug enemies. As a result, billbugs are not subjected to 
predation and thus may increase in numbers. This heavily infested 
field, which was the source stand for the wildrye billbugs, is less than 
ZO km from a comparable sized (ca. 10 hal stand in which no billbugs 
were found. A similar billbug distribution pattern occurred in 1984 at 
the Idaho National Engineering Laboratory facility in Butte County, 
Idaho. According to graduate students conducting research at this site., 
large stands of Great Basin wildrye are also geographically isolated, 
with billbug populations varying among stands. The reason for the 
differences in bill bug population levels between neighboring stands of 
wildrye is unknown. 
Tests comparing wildrye stands produced results that direct 
, attention to the growing environment of hOst plants. In this study, 
attempted to hold constant as many factors as possible in the 
experimental design. The variable tested was location of test plants. 
Large differences in amounts of feeding injury were observed between 
locations (Figs. 13 and 14). believe there are 3 possible 
explanations for these results. 
First, the wildrye billbugs may have had a feeding bias for 
Snowville grasses. The feeding history of test insects can influence 
results of feeding preference tests. Studies on the induction of food 
preferences (Ali 1976, Hanson 1976) have demonstrated that prior feeding 
can significantly affect the results of such tests. Dethier (1978) 
believed that feeding experience by insects affects subsequent food 
plant selection. Prior to testing, billbugs were maintained on a diet 
of wildrye plants from a non-test location. Wildrye billbugs fed 
exclusively upon these plants for 3 weeks. Possibly this pretest 
conditioning did not eliminate a feeding bias for Snowville plants as 
these weevils were obtained from the source stand. 
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The second possibility is that genetic characteristics of the 
individual plants show l ittle variation within a stand and that stands 
from different locations exhibit various degrees of susceptibility. 
Resistance as defined by Beck (1965) is the collective heritable 
characteristics by which a plant species, race, clone, or individual may 
reduce the probability of utilization of that plant as a host by an 
insect species. Because Great Basin wildrye can self-pollinate, 
individual grasses within a stand may be closely related. Tillering in 
perennial bunchgrasses, a common form of propogati on, would also 
conserve the genetic composition of an isolated grass stand. If pioneer 
plants to an area were unusually susceptible to billbug injury, then 
this characteristic may be perpetuated throughout the stand over time. 
This situation may occur at the source stand (Snowville), and cou ld 
partially explain the high susceptibility of those plants to wildrye 
billbug feeding injury. 
The growing environment of the host plant may indirectly determine 
its level of susceptibility. Tolerance of host plants to insect attack 
is easily modified by the condition under which the plant grows (Painter 
1958). Growing environment could include factors such as soil texture, 
soil fertility, availability of water, exposure to sunlight, and 
competition from adjacent plants. Plants under stress are attacked more 
by insects or pathogens than plants growing under optimum conditions. 
For example, mountain pine beetles (Dendroctonus spp.) are known to 
attack weaker trees more readily than healthy ones (Furniss and Carolin 
1977). Wearing and van Emden (1967) demonstrated that water stress 
influences the rates of aphid infestation on host plants. Renwick 
(1983) noted that high salt concentrations, a condition believe 
present at the Snowville site, increases susceptibility of many crop 
plants. For these reasons, growing environment best explains the 
differences in susceptiblity of Great Basin wildrye plants to wildrye 
billbug injury. 
Considerations for screening studies 
5.1 
Factors that influence host plant susceptibility must be considered 
when designing experiments for determining insect feeding .preferences. 
Genetic variability among host plants has been an important basis for 
separating hosts from nonhosts. Many studies identifying billbug host 
plant preferences have been based on genetic differences of grasses 
(Lindgren et al. 1981, Ahmad and Funk 1982, Asay et al. 1983, Kindler et 
al. 1983). Physical and chemical features of plants are known to 
influence the attraction of insects to host plants (Saxena 1969). 
However, I believe it is easy to place too much emphasis on genetic 
characters alone when other factors in a screening study should be 
considered. These factors could be environmental, phenological, or 
related to the feeding history of the test insects. The environment in 
which a host plant grows exerts a strong influence on the degree of 
resistance in plants. Water stressed plants are more susceptible to 
infestations by certain aphid species than are no nstressed plants 
(Wearing 1972). Stress produced by fungal pathogens on plants may have 
an effect on their susceptibility to insects. Whiteflies have been 
found in large numbers on plants with Verticillium before the symptoms 
of this fungi were apparent (Renwick 1983). Saxena 11969) reported that 
water content in leaves can affect how an insect is attracted (or 
repelled) to a plant. 
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I observed a field situation that suggested water availability 
affected the susceptibility of a hybrid wheatgrass to bluegrass billbug 
injury. At the U.S.D.A. Research Center in Miles City, Montana, the 
RS-1 wheatgrass hybrid is established in 2 different field plantings ca. 
1 km apart. One planting is dryland, the other under flood irrigation . 
Virtually all of the plants at the dryland site were either heavily 
damaged or killed by bluegrass billbugs in the summer 1984. Damage by 
bluegrass billbugs was not observed in the irrigated field suggesting 
that water availability plays a major role in RS-1 hybrid susceptibility 
to bluegrass billbugs. 
Many authors suggest that the stage of developement of a host plant 
exerts considerable influence on its resistance or susceptibility to 
insect feeding (De Wilde et al. 1969, Saxena 1969, Bernays and Chapman 
1976, Phillips 1976). For example, grass seedlings are more resistance 
to grasshopper feeding than the older forms (Bernays and Chapman 1976). 
In my field study comparing different aged slender wheatgrass plants, no 
significant differences were found between grass age and amounts of 
feeding injury. However, several investigators have determined that 
chrysomelid beetles show definite feeding preferences for young leaves 
(De Wilde et al. 1969, Phillips 1976). Older plant leaves have 
different chemical compositions and concentrations than in younger 
leaves. Probably the range in plant ages (2 to 8 months) was not great 
enough in my study to demonstrate feeding discrimination based upon 
these chemical differences. 
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The studies in this thesis suggest thdt screening procedures can be 
implimented for identifying plants resistant to adult billbug feeding 
injury. Some of the controlled varidbles incorportated into the 
greenhouse studies would be difficult, if not impossible, to maintain in 
field tests. Distributions of insects and factors relating to the 
growing environment would be particularly difficult to standardize. 
Prior feeding experience by an endemic population could also disrupt the 
results of a field test. For these reasons, I believe that greenhouse 
tests provide the best opportunity for screening billbug host plants. 
Feeding rates by adult billbugs were greater under greenhouse 
conditions. This is advantageous, as larger numbers of feeding marks 
allow for greater statistical analysis. Another advantage of greenhouse 
screening is that billbug mortality is lower than in field studies. 
There are, however, disadvantages associated with greenhouse 
studies. Determining rates of feeding injury by counting feeding 
puncture marks takes considerably longer than visually rating rows or 
square plots of grasses in the field. Greenhouse experiments are also 
more subject to unnatural variables created by an artificial 
environment. Additional research should compare greenhouse and field 
techniques to see if one method yields more consistant results over time 
than the other. 
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